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(54) Electromagnetic unit fuel injector 



(57) An electromagnetic unitfuel 
injector for use in a diesel engine 
includes a housing (10) having a 
bushing with an externally actuated 
plunger (1 2) reciprocable therein to 
define a pumpchamber (18) open at one 
end for the discharge of fuel to a 
spring-biased, pressure-actuated fuel 
injection nozzle (87). The pump chamber 
(1 8) is connected to a supply and spill 
chamber (70) via a normally open, 
solenoid actuated hollow, pressure- 
sensitive valve (26) thereby to permit the 



ingress and egress of fuel. The supply 
and spill chamber (70) is in flow 
communication with a pressure- 
equalization and spring chamber (72) at 
the opposite end of the valve (26) via a 
passage (46) through the valve (26).The 
chambers (70, 72) are in direct flow 
communication with a source of fuel at a 
relatively low supply pressure. During a 
pump stroke of the plunger (12), a 
solenoid (25) is energized, to push the 
pressure-sensitive valve (26) to a closed 
position against a seat (35) so as to block 
spill flowfrom the pump chamber (18) 
and effect discharge of fuel from the 
injection nozzle (87). 
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SPECIFICATION 

Electromagnetic unitfuel injector 

5 This invention relates to unitfuel injectors of the 
type used to inject fuel into the cylinders of a diesel 
engine and, in particular, to an electromagnetic unit 
fuel injector having a push-type, solenoid controlled, 
normaflyopen, unbalanced valve therein. 

10 Unitfuel injectors, ofthe so-called "jerk" type, are 
commonly usedto pressure-inject liquid fuel into an 
associate cylinder of a diesel engine. As is well known, 
such a unit injector rncludes a pump in the form of a 
plunger and bushing which is actuated, for example, 

15 by an engine-driven cam whereby to pressurize fuel to 
a suitable high pressure so as to effect the unseating of 
a pressure-actuated injection valve in the fuel injection 
nozzle incorporated into the unit injector. 
In one form of such a unit injector, the plunger is 

20 provided with helices which cooperate with suitable 
ports in the bushing whereby to control the press- 
urization and therefore the injection of fuel during a 
pump stroke of the plunger, 
in an other form of such a unit injector, a solenoid 

25 valve is incorporated in the unit injector so as to 
control, for example, the drainage of fuel from the 
pump chamber of the unit injector. In this latter type 
injector, fuel injection is controlled by the energization 
of thesolenoid valve, as desired, during a pumpstroke 

30 ofthe plunger whereby to terminate drain flow so as 
to permit the plunger to then intensify the pressure of 
fuel to effect unseating ofthe injection valve ofthe 
associated fuel injection nozzle. An exemplary 
embodiment of such an electromagnetic unitfuel 

35 injector is disclosed, for example, in United States 
patent 4,1 29,253 entitled Electromagnetic Unit Fuel 
Injector issued December T2, T978to Ernest Bader, Jr., 
John I. Deckard and Dan B. Kuiper. 
In European patent application publication No. 

40 008721 5, there is disclosed a unit injector wherein a 
normally open, pull-type solenoid-actuated, pressure- 
balanced valve is used ta control the drain flow of fuel 
from the pump chamberduring a pump stroke ofthe 
associate plunger. Fuel injection is initiated by ener- 

45 gization ofthe solenoid to block drain flow of fuel from 
the pump chamber, thus allowing the continued 
plunger movement to intensify the pressure of fuel to 
a valve to effect unseating of an associated pressure 
actuated injection valve. Upon de-energization ofthe 

50 solenoid, a valve spring effects unseating ofthe valve 
allowing the fuel pressure to drop and thereby to 
terminate injection. 

The present invention provides an electro-magnetic 
unitfuel injector that includes a pump assembly 

55 having a plunger reciprocable in a bushing and 
externally operated as, for example, by an engine 
driven rocker arm, with flow from the pump chamber 
during a pump stroke ofthe plunger being directed to 
a fuel injection nozzle assembly ofthe unit that 

60 contains a spring-biassed, pressure-actuated injection 
valve therein forcontrolling flow out through the 
spray tip outlets ofthe injection nozzles. Fuel from the 
pump chamber can also flow through a passage 
means, containing a normally open, push-type sole- 

65 noid actuated, hollow valve means, toa chamber 



containing fuel as at a relatively low supply pressure. 
Fuel injection is regulated by the controlled energiza- 
tion ofthe solenoid-actuated valve so that the valve is 
operatively positioned to block drain flow from the 

70 pump during a pump stroke of the plunger whereby 
the plungeristhen permitted to intensify the pressure 
of fuel to a value to effect unseating ofthe injection 
valve. The valve means is positioned so as to be 
operable by a push-type solenoid, the valve, perse, 

75 being configured to allow pressurized fuel to effect 
quick opening movement ofthe valve when the 
solenoid is de-energized. 

It is therefore a primary object of this invention to 
provide an improved electromagnetic unitfuel injec- 

80 tor that contains a push-type, solenoid actuated 
pressure unbalanced valve means for control ling the 
start and end of injection. 

Still another object of the present invention is to 
provide an electromagnetic unitfuel injectorof the 

85 above type which includes features of construction, 
operation and arrangement, rendering it easy and 
inexpensive to manufacture and assemble, which is 
reliable in operation and in other respects suitable for 
use in production motor vehicle fuel systems. 

90 For a better understanding ofthe invention, as well 
as other objects and further features thereof, refer- 
ence is had to the following detailed description ofthe 
invention to be read in connection with the accom- 
panying drawings. 

95 Figure 1 is a sectional view of a portion of a diesel 
engine with an electromagnetic unitfuel injector of the 
invention mounted in the cylinder head thereof, the 
injector being shown in elevation; 
Figure 2 is atop view of the injector and hold-down 
100 clamp assembly, perse, of Figure 1 ; 

Figure 3 is a longitudinal sectional view of an 
electromagnetic unitfuel injector in accordance with a 
preferred embodiment ofthe invention, taken along 
. line 3-3 of Figure 2, with elements ofthe injector being 
105 shown sothatthe plunger ofthe pump thereof is 

positioned at near the beginning of a pump stroke and 
with the electromagnetic valve meansthereof de- 
energized, and with parts ofthe unit shown in 
elevation; 

110 Figure 4 is an enlarged view of a portion ofthe valve 
and valve seat, perse, ofthe injector of Figure 3 but 
with the valve shown closed and with the angle ofthe 
seating surface ofthe valve relative to the valve seat 
angle exaggerated for purposes of illustration; and, 

115 Figure 5 is a longitudinal section view of a portion of 
an alternate embodiment fuel injector constructed in 
accordance with the invention and having a side inlet 
port. 

Description ofthe Preferred Embodiment 
120 Referring first to Figures 1 and 2, an electromagnetic 
unit injector, generally designated 1 , is adapted to be 
mounted, forexample, in an injector sheath 2 
positioned in a suitable bore 3 provided for this 
purpose in the cylinder head 4 of a diesel engine so 
125 thata lower spray tip end ofthe injector projects from 
the cylinder head 4 for the discharge of fuel into an 
associate combustion chamber, not shown. As 
shown, the injector is axial ly fixed with a portion 
thereof in abutment against a seat 2a defined by a 
130 portion ofthe injector sheath 2 and it is suitably held in 
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this position, as best seen in Figure 2, by means of, for 
example, a C-shaped hold-down clamp 6 secured by 
suitable fasteners, not shown, which are adapted to be 
inserted through apertures 7 in the clamp for threaded 
5 engagement into the cylinder head 4 in a known 
manner. 

Referring now to Figure 3, there is shown an 
electromagnetic unit injector 1 constructed in accord- 
ance with a preferred embodiment of the invention. 

10 This injector 1 is, in effect, a unit fuel injector-pump 
assembly with a push-type, electromagnetic actuated, 
normally open valve incorporated therein to control 
fuel discharge from the injector portion of this 
assembly in a mannerto be described. 

15 In the construction illustrated, the electromagnetic 
unitfuel injector 1 includesan injector body 10 which 
is defined by a vertical main body portion 1 0a and an 
integral side body portion 10b. The body portion 10a is 
provided with a vertically-extending stepped bore 

20 therethrough defining a lower cylindrical bushing 1 1 
of an internal diameter sufficienttoslidably and 
sealingly receive a pump plunger 12, and an upper 
wall 13 of a larger internal diameterthan that defining 
the bushing. A hollow actuator follower 14abuts 

25 against the upper outboard portion of the plunger 1 2, 
whereby It and the plunger thus operatively con- 
nected thereto are adapted to be reciprocated, for 
example by an engine driven rocker arm 8, in a known 
manner as shown in Figure 1 . A plunger return spring 

30 1 5 is operatively connected to the plunger 1 2to 
normally bias it in a suction stroke direction. In the 
construction shown, a flanged tubular spring retainer 
1 6 is operatively connected to the plunger 1 2 by 
means of a split ring 1 7 positioned in an annular 

35 groove 1 2a provided in the upper end of the plunger 
1 2. As shown, the lower end of spring 1 5 is positioned 
to abut against a flat shoulder 10c interconnecting the 
wall 13and bushing 11. 
The pump plunger 1 2 forms with the bushing 1 1 a 

40 variable volume pump chamber 1 8 at the lower open 
end of the bushing 11. 

In a conventional manner, a nut 20 is threaded to the 
lower end of the body 10 to form an extension thereof. 
Nut 20 has an opening 20a at its lower end through 

45 which extends the lower end of a combined injector 
valve body and spray tip 21, hereinafter referred to as 
the spray tip, of a conventional fuel injection nozzle 
assembly. As shown, the spray tip 21 is enlarged at its 
upper end to provide a shoulder 21 a which seats on an 

50 internal shoulder 20b provided bythe through coun- 
terbore in nut 20. Between the spray tip 21 and the 
lower end of the injector body 1 0 there is positio ned, 
in sequence starting from the spray tip, a rate spring 
cage 22, a spring retainer 23 and a director cage 24, 

55 these elements being formed, in the construction 
illustrated, as separate elements for ease of manufac- 
turing and assembly. Nut 20 is provided with internal 
threads 20cfor mating engagement with external 
threads 1 0ctet the lower end of body 1 0. The threaded 

60 connection of the nut 20 to body 1 0 holds the spray tip 
21 , rate spring cage 22, spring retainer 23 and director 
cage 24 clamped and stacked end-to-end between an 
upper face 21 b of the spray tip 21 and a bottom face of 
body portion 10a. All of these above-described 

65 elements have lapped mating surfaces whereby they 



are held in pressure sealed relation to each other. 

Now in accordance with the invention, the ingress 
and egress of fuef to and from the pump chamber fs 
controlled by a push-type solenoid, generally desig- 

70 nated 25,-actuated valve 26. The solenoid 25, in the 
embodiment shown in Figures 2 and 3, is a flow- 
through type solenoid. 

Forthis purpose, the side body portion 106 is also 
provided with a stepped bore therethrough to define 

75 circular internal walls including an upper wall 30, an 
upper intermediate wall 31,and intermediate valve 
stem guide wall 32 and a lower wall 33. Wall 33 and 
walls 31 and 30 are of progressively larger internal 
diameters than that of guide wall 32. Walls 30and31 

80 areinterconnectedbyaflatshoulder34.Walls31 and 

32 are interconnected by aflatshoulder 35a which 
terminates with an inclined wall defining an annular 
conical valve seat 35 encircling wall 32. Walls 32 and 

33 are interconnected by a flat shoulder 36. 

85 The actual ingress and egress of fuel to the pump 
chamber 18 is by means of an inclined passage 37 
provided in body 1 0. As shown in Figure 3, the lower 
end of this passage 37 opens into an annular groove 
38 provided in bushing 1 1 while the upper end thereof 

90 opens through the valve stem guide wall 32 in the side 
body portion 1 0b at a location to permit di rect drilling 
of this passage. In the construction shown, this upper 
end of passage 37 breaks through wall 32. 
Actual flow communication between this passage 

95 37 and the pump cham ber 1 8 via the g roove 38 is by 
means of at least one radial passage 40 and an 
interconnecting axial passage 41 provided in the 
lower end of the plunger 12. As best seen in Figure 3, 
the axial extent of the groove 38 issuchthatthe radial 
100 passage 40 will be in flow communication therewith 
during thefull operational reciprocation of the plunger 
12. 

Now in accordance with a feature of the invention, 
the flow of fuel through passage 37 is controlled bythe 

105 solenoid 25-actuated, normally open, pressure-sensi- 
tive, poppet valve 26. 

The poppet valve 26 includes a head 42 with a 
conical valve seat surface 43 thereon and a stem 44 
depending therefrom. The stem 44 incl udes a lower 

110 portion 44a of diameter to be reciprocably received in 
the valve stem guide wall 32 and an upper portion 44b 
of reduced diameter next adjacent to the head 42 and 
of an axial extent so as to form with the valve stem 
guide wall 32 an annulus cavity 45 that is in 

1 1 ^^communication with the passage 37 during opening 
""and closing movement of the valve 26. In the 
construction shown in Figure 3, the valve 26 is 
provided with a stepped axial bore 46 that extends 
through both the head 42 and stem 44, and its head 42 

120 is provided with radial ports 47 intersecting this bore 
for a purpose to be described hereinafter. 

Valve 26 is an unbalanced pressure valve in that the 
actual diameter of its valve seat surface 43 in line 
contact with the valve seat 35, when in its valve closed 

1 25 position as shown in Figure 4, is a predetermined 

amount greater than the internal diameter of the valve 
stem guide wall 32 for a purpose to be described in 
detail hereinafter. 
Referring now to the solenoid 25, used to control 

130 movement of the valve 26, this solenoid, in the 
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embodiment shown in Figures 2 and 3, includes a 
circular sleeve housing 50 fixed in abutment against 
an upper machined surface lOfof the side body 
portion 10b, so asto be substantially concentric with 
5 the valve stem guide wall 32, by means of drain fitting 
cap 51 secured as by hex socket head screws 52 
threaded into suitably threaded apertures provided 
for this purpose in the side body portion 1 Ob. 
Sandwiched between the shoulder 34 of the side 

1 0 body portion 1 0b and the bottom surface of the cap 51 
are a spacer disc 53, a stepped pole piece 54, a bobbin 
55 and solenoid coil 56 assembly, and a cylindrical 
spacer 57. Both the pole piece 54 and spacer 57 are 
made of a suitable material,for example, of silicon 

15 core iron. As shown, the pole piece 54 and spacer disc 
53 are provided with central aligned apertures 54a and 
53a, respectively. 

A cup-shaped plunger armature 58 is slidably 
received by an internal bo re wall 57a of spacer 57 and 

20 an internal wall 55a of bobbin 55 for reciprocable 
movement relative to an upper opposed surface 546 
of pole piece 54. 

The armature 58 is operatively connected to the 
valve 26 by means of a tube 60, made, for example, of 

25 stainless steel, which is slidably received through the 
apertures 53a and 54a of the spacer disc 53 and pole 
piece 54 respectively, and which is fixed adjacent to its 
upper end in the central aperture 58a of the armature 
58. The tube 60 is provided with a plurality of radial 

30 ports 60a located so as to overlap the lower surface of 
the armature 58 and the upper su rface of the pole 
piece so as to preventfuel from being trapped 
between the opposed working surfaces of the arma- 
ture 58 and pole piece 54. 

35 The axial extent of the sleeve 60 depending below 
the armature 58 and the thickness of the spacer disc 53 
are preselected so that with the bottom surface of 
sleeve 60 in abutment against the head 42 of valve 26 
when the valve 26 is in its closed position, as shown in 

40 Figure 4, a clearance will exist between the lowerface 
of the armature 58 and the upper surface 54bofthe 
pole piece 54 whereby a minimum fixed air gap will 
exist between these opposed working surfaces of the 
pole piece 54and armature 58. 

45 In a similar manner, the axial extent of the head 42 of 
valve 26 relative to the axial extent between its seating 
engagement with valve seat 35 and the lower surface 
of the spacer disc 53 are preselected so as to provide a 
predetermined opening travel movement of the valve 

50 26 and to thus establish through the tube 60 a working 
air gap between the opposed working surfaces of the 
probe piece 54 and armature 58. 

in a particular embodiment, the working air gap was 
0.20 to 0.26mm, while the minimum fixed airgap was 

55 0.10to0.13mm, with thevalve 26 travel between its 
open and closed positions being 0.10 to 0.1 3 mm. 

The valve 26 is normally biased in a valve opening 
direction, the position shown in Figure 3, by means of 
a valve spring 61 having its upper end loosely received 

60 in the enlarged end of bore 46 at the lower end of the 
valve so that this end of the valve spring abuts against 
a shoulder46a. The opposite end of the spring 61 is 
loosely received in a spring socket 62a in a cap 62 
secured, as by cap screws 63, to the lower surface 64 

65 ofthesidebody portion 10b. 



The armature 58 is in turn normally biased in an 
axial direction, whereby the tube 60 fixed thereto is 
held in abutment against the head 42 of valve 26, by 
means of a solenoid spring 64 positioned at one end 

70 so as to loosely encircle the upper end of tube 60 and 
so as to abut against the upper recessed surface of the 
armature 58. The solenoid spring 64 at its other end is 
positioned to abut the lower surface of cap 51 in a 
positon encircling an axial iy-exten ding inlet passage 

75 65 provided in this cap. Since valve 26 is a normally 
open valve, the valve spring 61 has a preselected force 
that is substantially greater than theforce of the 
solenoid spring 64. In the particular application 
referred to hereinabove, the force of the valve spring 

80 61 was approximately 6.26N while that of the solenoid 
spring 64 was approximately 2. 12N. 

The solenoid coil 56 is con nectable by electrical 
conductors 66, that extend radially outward through a 
slot 50a in sleeve housing 50, to a suitable source of 

85 electrical power via a fuel injection electronic control 
circuit,notshown,wherebythesolenoidcoilcanbe 
energized as a function of the operating conditions of 
an engine in a manner well known in the art. 
As shown in Figure 3, suitable ring seals 67 

90 positioned in suitable annular grooves 51 a and 53b 
provided, for example, in the cap 51 and in opposite 
sides of the spacer disc 53, respectively, are used to 
effect a seal between the cap 51 and spacer 57 and 
between the spacer disc 53 on one side with the flat 

95 shoulder 34 and on its other side with the pole piece 
54. 

In a similar manner, a ring seal 68, positioned in an 
annular groove 62b provided for this purpose in the 
raised boss portion of cap 62 is used to effect a seal 

1 00 between the cap 62 and theflat shoulder 36 of the side 
body portion 10b. 

With the above described structure, a supply/spill 
chamber 70 is defined by the lower surface of spacer 
disc 53 and the flat shoulder 35a and wall 31 of the 

105 body 10. In the embodiment shown in Figures 1 and 3, 
this supply/spill chamber 70 is supplied with filtered 
fuel at a predetermined supply pressure by a pump 
from a supply tank, both not shown, through a supply 
conduit provided in the cylinder head 4 and through a 

110 port, not shown, in the injector sheath 2 into a fuel 
supply chamber 100 to be described hereinafter, with 
fuel flow from the chamber 100 via passage means to 
be desired in detail hereinafter. Fuel can then flow 
from the supply/spill chamber 70 into a chamber 71 

1 1 5 defined by the internal wall of sleeve 57 and the 
opposed surfaces of the inlet fitting cap 51 and 
armature 58 via the tube 60 and the ports 47 in valve 26 
from the supply/spill chamber 70. 
In addition, both supply/spill chamber 70 and 

1 20 chamber 71 are in unrestricted fluid communication 
by means of the tube 60 and the bore 46 of valve 26 
with a pressure equalizing/spring chamber 72 defined 
in part by the spring socket 62a and the lower valve 
stem guide wall 32 of the cap 62 and side body portion 

125 10b, respectively. 

During operation, on a pump stroke of plunger 1 2, 
pressurized fuel is adapted to be discharged from 
pump chamber 18 into the inlet end of a discharge 
passage means 73 to be described next hereinafter. - 

130 An upper part of this discharge passage means 73, 
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with reference to Figure 3, includes a vertical passage 
74 extending from an upper recess 75 through director 
cage 24 forflow communication with an annular 
recess 76 provided in the lower surface of director 
5 cage 24. 

As shown in Figure 3, the spring retainer 23 is 
provided with an enlarged chamber 77 formed therein 
so as to face the recess 76 and, projecting upwardly 
from the bottom of the chamber 77 is a protuberance 

1 0 78 which forms a stop for a circular flat disc ch eck 
valve 80. The chamber 77 extends laterally beyond the 
extremities of the opening defining recess 76 whereby 
the lower end surface of the director cage 24 will form 
a seat for the check valve 80 when in a position to close 

15 the opening defined by recess 76. 

At least one inclined passage 81 is also provided in 
the spring retainer 23 to connect the chamber 77 with 
an annular groove 82 in the upper end of spring cage 
22. This groove 82 is connected with a similar annular 

20 groove 83 on the bottom face of the spring cage 22 by 
a longitudinal passage 84 through the spring cage. 
The lower groove 83 is in turn, connected by at least 
one inclined passage 85 to a central passage 86 
surrounding a needle valve 87 movably positioned 

25 within the spray tip 21. Atthe lower end of passage 86 
is an outletforfuel delivery with an encircling annular 
conical valve seat 88 for the needle valve 87 and below 
the valve seat 88 are connecting spray orifices 90 in the 
lower end of the spray tip 21 . 

30 Theupperendof spraytip21 is provided with a bore 
91 for guiding opening and closing movement of the 
needle valve 87. A piston portion 87a of the needle 
valve slidably fits this bore 91 and has its lower end 
exposed to fuel pressure in passage 86 and its upper 

35 end exposed to leakage fuel pressure in a spring 
chamber 92 via an opening 93, both being formed in 
spring cage 22. A reduced diameter upper end portion 
of the needle valve 87 extends through the central 
opening 93 in the spring cage and abuts a spring seat 

40 94. Compressed between the spring seat 94 and 
spring retainer 23 is a coil spring 95 which normally 
biases the needle valve 87 to it closed position shown. 

In order to prevent any tendency of fuel pressure to 
build up in the spring chamber 92, this chamber is 

45 vented through a radial port passage 96. While a close 
fit exists between the nut 20 and the spring cage 22, 
spring retainer 23 and director cage 24, there is 
sufficient diametral clearance between these parts for 
the venting of fuel back to a relatively low pressure 

50 area to be described in detail hereinafter. 

In the construction illustrated, this fuel is drained 
into a cavity 97 defined by the internal wall of the nut 
20 and the upper end of director cage 24, as best seen 
in Figure 3. 

55 In the construction shown and as best seen in Figure 
1 , the lower end of the main body portion 1 0a and the 
upper end of the nut 20 of the injector 1 , as positioned 
in an associate injector sheath 2, define with the 
interior wall thereof an annular fuel supply chamber 

60 1 00 which is sealed at opposite ends by ring seals 1 01 
located in suitable annular grooves 10eand 20e 
provided forthis purpose in the body portion 10a and 
nut 20, respectively, as best seen in Figure 3. 
In addition, and as shown in Figure 3, the main body 

65 portion 10a is provided with an annular groove 102 



next adjacent to the upper end of nut 20 that is 
encircled by a fuel filter 1 03 axially retained between 
opposed shoulders 1 04 and 1 05 of the body portion 
10a and nut 20, respectively. 

70 Intheinjectorconstruction illustrated, drainagefuel 
f lowf rom the cavity 97 to the groove 102 is via the 
normal clearance path that exists between the mating 
threads 10rfand20cof the body portion 10a and nut 
20. 

75 Fuel flowing into the chamber defined by the groove 
102 can then flow to the supply/spill chamber 70 via an 
inclined passage 106 provided in the main body 
portion 1 0a so as to extend from the chamber defined 
by groove 102 to an annular groove 107 m this body 
80 portion that is located so as to encircle plunger 1 2. 
Another inclined passage 1 08 extends from the 
groove 1 07 so as to open at its other end through wall 
31 and shoulder 35 into the supply/spill chamber 70. 
Referring now in particularto Figure 3, during 
85 engine operation, fuel is supplied at a predetermined 
supply pressure by a pump, not shown, to the subject 
electromagnetic unit fuel injector 1 through a supply 
conduit, not shown, provided in the cylinder head 4 
and through a port, not shown, in the injector sheath 2, 
90 into the supply chamber 100 and then through filter 
1 03. Fuel thus admitted flows through the passage 
1 06, groove 1 07 and passage 1 08 into the supply/spill 
chamber 70. Fuel at this supply pressure can also flow 
through the bore46 of the hoi low valve 26 into the 
95 pressure equalizing/spring chamber 72 and up 
through the ports 47 and tube into the chamber 71 . 
Excess fuel can then flow from chamber 71 out 
through the drain passage 65 provided in cap 51 . 
With the solenoid coil 56 of solenoid 25 de- 

100 energized, and with the valve spring 61 being of a 
suitable force greater than that of solenoid spring 64, 
the valve spring 61 is operative to open and hold open 
the valve 26 relative to the valve seat 35. Atthe same 
time, the armature 58 which is operatively connected 

1 05 to the valve 26 by tube 60 is moved to a raised position 
relative to pole piece 54, the position shown in Figure 
3, whereby a predetermined working air gap is 
established between the opposed working surfaces of 
the armature 58 and pole piece 54, as previously 

110 described. 

Thus during a suction stroke of the plunger 1 2, with 
the valve 26 then in its open position, fuel can now 
flow from the su pply/spil I chamber 70 through the 
annulus passage now defined between the valve seat 

115 su rf ace 43 and valve seat 35 into the cha mber defined 
by the reduced diameter upper valve stem portion 44b 
and then via passage 37 into the cavity defined by 
groove 38and then through passages40and41 into 
the pump chamber 1 8. At the same time, fuel will be 

1 20 present in the discharge passage means 73 used to 
supply fuel to the injection nozzle assembly. 

Thereafter, as the follower 14 is driven downward as 
by the rocker arm 8 shown in Figure 1, to effect a pump 
stroke of the plunger 1 2, that is, downward movement 

125 of the plunger 12 with reference to Figure 3, this 

downward pump stroke movement of the plunger will 
cause pressurization of the fuel within the pump 
chamber 1 8 and of course of the fuel in the passages 
37 and 73 associated therewith. However, with the 

130 solenoid coil 56 still de-energized, this pressure can 
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only rise to a level that is a predetermined amount less 
than the "pop" pressure required to lift the needle 
valve 87 against the force of its associate return spring 
95. 

5 During this period of time, the fuel displaced from 70 
the pump chamber 18 can flow via the passages 41, 40, 
the cavity defined by annular groove 38 and passage 
37 back to the supply/spill chamber 70 since valve 26 is 
still open. 

10 Thereafter, during the continued downward stroke 75 
of the plunger 1 2, an electrical (current) pulse of finite 
character and duration (time relative for example to 
the top dead center of the associate engine piston 
position with respect to the camshaft, not shown, and 

15 rocker arm linkage) applied through suitable electric- 80 
al conductors to the conducto rs 66 of the solenoid coi I 
56 produces an electromagnetic field attracting the 
armature 58 downward, from the position shown in 
Figure 3, toward the pole piece 54. 

20 This movement ofthe armature 58 as coupled by 85 
the tube 60 to the valve 26 will effect seating ofthe 
valve 26 against its associate valve seat 35, the 
position of the valve shown in Figure4. As this occurs, 
the drainage of fuel from the pump chamber 18 via 

25 passage 37 in the manner described hereinabove will 90 
no longer occur. Without this spill of fuel from the 
pump chamber 1 8, the continued downward move- 
ment ofthe plunger 12 will increase the pressure of 
fuel therein to a "pop" pressure level to effect 

30 unseating ofthe needle valve 87. Thisthen permits 95 
the injection of fuel out through the spray orifices 90. 
Normally, the injection pressure continues to build up 
during further continued downward movement of 
theplunger12. 

35 Ending the application of electrical current pulse to 100 
the solenoid coif 56 causes the electromagnetic field 
to collapse. As this occurs, the differential pressure 
acting on the valve 26 together with the force of the 
valve spring 61 causes immediate unseating ofthe 

40 valve 26 so as to allow spill fuel flow from the pump 105 
chamber 18 via the passages including passage 37 
backtothesupp!y/spnichamber70.Thisspillflowof 
fuel thus releases the injection nozzle system press- . 
ure as in the discharge passage means 73 so that the 

45 spring95canagarneffectseatingofthevaive87.0f 110 
course, as the valve 26 isthus opened, the armature 
58 via its tube 60 connection with the valve 26 will 
again be moved to its de-energized position, the 
position shown in Figure 3. 

50 Since the valve 26, in accordance with a feature of 115 
the invention, is a pressure-sensitive valve, the high 
injection pressure fuel acting on the differential areas 
of the valve will result in rapid opening movement of 
this valve to terminate injection upon de-energization 

55 ofthe solenoid 25. This rapid opening movement of 120 
the valve can occur because the supply/spill chamber 
71 and pressure equalizing/spring chamber 72 will 
always contain fuel at substantially equal pressures 
because of their flow interconnection by the bo re 46 

60 ofthe hollow valve 26. 125 
Forthis purpose and as best seen with reference to 
Figures4and 3, the effective working area of the valve 
stem 44, which is of annulus configuration, subjected 
to the fuel at a high injection pressure is less than the 

65 working area at the valve seat surf ace 43 end of the 130 



valve 27 and, since the fuel in the supply/spill 
chamber 70 and in the pressure equalizing chamber 
72, as interconnected by the through bore 46 and 
ports 47 ofthe valve 26, are at a relatively low supply 
pressure, this differential pressure acting on the head 
42 end of valve 26 will result in a rapid unseating of 
the valve which is assisted in its opening movement 
and then held open by the force ofthe valve spring 61 . 

As should now be apparent, in view ofthe high 
injection fuel pressures normally encountered in unit 
type injectors, as used in direct injection diesel 
engines, this differential in the working areas ofthe 
valve 26 need not be large and, in fact, should 
preferably be maintained as lowas possiblefor a 
given application to reduce the force output required 
from the solenoid 25 in holding the valve 26 closed 
during energization of its coil 56. In addition the 
forces ofthe spring 61 and 64 and the differential in 
their forces can be kept relatively small. 

As an example ofthe differential area sizes that 
have been found to be satisfactory in the above- 
identified injector 1 application, the valve stem guide 
wall 32 was formed with an internal diameter of 6.00 
to 6.04 mm; the angle of the valve seat 35 was 90° to 
91°; and formed concentric with wall 32 within 0.003 
mmTIR. 

In this same application, the lower valve stem 
portion 44a ofthe valve had an outside diameter of 
6.00 to 6.04 mm, of selective fit, for sliding and sea ling 
engagement in an associate valve stem guide wall 32; 
the upper stem portion 44o thereof had an external 
diameter of 4.5 to 4.7 mm ; the outside diameter of its 
head 42 was 6.5 to 6.6 mm; the angle of its valve seat 
su rface 43 was 88° 30' to 89° 30* co ncent ric with stem 
44 within 0.003 mm TIR; and its effective contact 
annular line was 6.35 mm diameter gauge at an axial 
distance of 2.57 to 2.62 mm from the upper surface of 
the head 42, with reference to Figures 3 and 4. In 
addition, 6 ports 47 were provided in the head 42. 
Since the minimum inside diameters of the opposed 
working areas ofthe valve 26 are the same, that is, the 
4.5 to 4.7 mm diameter of the upper stem portion 446, 
the relative differential areas of these opposed 
surfaces are, in effect, defined by the outside dia- 
meter ofthe lower stem portion 44a of stem 44 and 
the gauge diameter ofthe valve seat surface 43 of 
valve head 42. 

The above-described opening movement of valve 
26 results in the rapid flow of fuel from the annulus 
cavity defined by the reduced diameter upper stem 
portion 44b and wall 32 into the supply/spill chamber 
70 resulting in an increase in the pressure of fuel 
therein which, of course, is immediately dissipated 
by flow communication of this chamber 70 via ports 
47 and the bore 46 passage with the pressure 
equalizing/spring chamber 72. In addition these 
chambers 70 and 72 are also in direct flow com- 
munication with the drain passage 65 and chamber 
71 , in the manner previously described, which 
passage and chamber also contain fuel at a relatively 
low supply pressure. Accordingly, the hydraulic force 
acting on the head portion of the valve 26 in a valve 
opening direction together with the force of valve 
spring 61 will be operative to effect rapid opening of 
the valve 26. 
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An alternate embodiment of an electromagnetic 
unit fuel injector, generally designated 1 in accord- 
ance with the invention is shown in part in Figure 5, 
wherein similar parts are designated by similar 
5 numerals, but with the addition of a prime {') where 
appropriate. Only the side body portion of this 
alternate injector 1 ' is shown in Figure 5 since the 
main body portion 1 0a and the elements associated 
therewith are the same as in the injector 1 shown in 
10 Figure 3. 

In this injector 1 the side body portion 1 0b' thereof 
is also provided with a vertical stepped bore defining 
an upper wall 30', an upper intermediate wall 3V, a 
valve stem guide wall 32, a lower intermediate wall 

15 110andalowerwall33\Wall110isofalarger 
internal diameter than wall 32 but smallerthan wall 
33' so as to define, with the recessed portion of the 
cap 62', a pressure equalizing/spring chamber 72'. 
In addition, the side body portion 10b' is provided 

20 with an internally threaded inlet passage 111 extend- 
ing inward from the free side thereof and which is 
adapted to th reading ly receive a conventiona I aper- 
tured inlet orsupply fitting 112 whereby this injector 
1 ' can be supplied, via a pump and conduit, both not 

25 shown, with fuel at a predetermined supply pressure. 
As shown, a conventional fuel filter 1 1 4 is suitably 
positioned in the inlet passage 111 and retained by 
the supply fitting 1 1 2. An inclined passage 115 
interconnects the inlet passage 111 with the pressure 

30 equalizing/spring chamber 72'. 

As shown in Figure 5, the valve 26' is similarto 
previously described valve 26 of injector 1 , except 
that the head 42' thereof is provided with a plurality of 
U-shaped ports 47' and that a dished disc spring 

35 retainer 1 1 6 is sandwiched between its lower stem 44 
end thereof and the associate valve spring 61 '. 

The armature 25', in this alternate embodiment 
shown in Figure 5, has its housing 50' of cup-shaped 
configuration with an opening slot 50a' for the 

40 conductors 66 extending through the collar wall 
thereof and it is provided with a central opening 50b' 
through the base portion thereof of a size so as to 
receive the spacer disc 53' therein. 
In this alternate injector 1 ' construction, thefitting 

45 cap 51 with its passage 65 therethrough also defines a 
drain passage for the return of fuel, as to a fuel tank, 
notshown,inamannersimilartothat of the 
previously described embodiment. As is convention- 
al in the diesel fuel injection art, it will be appreciated 

50 that a number of electromagneticfuel injectors can 
be connected to a common drain conduit, not shown, 
which normally contains an orifice passage therein, 
not shown, used to control the rate of fuel flow 
through thedrain conduit whereby to permit fuel 

55 pressure at a predetermined supply pressure to be 
maintained in each of the injectors. 

As should now be apparent, the operation of the 
injector V embodiment of Figure 5 is the same as that 
of the injector 1 embodiment of Figure 3 as previously 

60 described hereinabove. 

It should be noted that the pressure sensitive valve 
26 or 26' in the respective injector embodiments can 
also operate as a pressure relief valve at high engine 
speeds. 

65 While the invention has been described with 



reference to the particular embodiments disclosed 
herein, it is not confined to the details set forth since it 
is apparent that various modifications can be made 
by those skilled in the art with out departing from the 
70 scope of the invention. This application is therefore 
intended to cover such modifications or changes as 
may come within the purposes of the invention as 
defined by the following claims. 
CLAIMS 

75 1. An electromagnetic unit fuel injector including 
a housing means having a pump cylinder means 
therein; an externally actuated plunger reciprocable 
in said cylinder means to define therewith a pump 
chamber; said housing means including a valve body 

80 having a spray outlet at one end thereof for the 

discharge of fuel; an injection valve means movable 
in said valve body to control flow through said spray 
outlet; a discharge passage means connecting said 
pump chamber to said spray outlet as controlled by 

85 said injection valve means; said housing means 
further including a supply/spill chamber and a spring 
chamber means in axially spaced apart relationship 
to each other with a valve stem guide bore extending 
therebetween and with a conical valve seat encircling 

90 said guide bore at the supply/spill chamber end 
thereof; a passage means in said housing means in 
flow communication atone end with said pump 
chamber and at its other end with said guide bore 
next adjacent to said valve seat; a hollow, pressure- 

95 sensitive valve cperatively positioned in said housing 
means, said valve having a stem slidably received in 
said guide bore and a head loosely received in said 
supply/spill chamber with a valve seating surface for 
movement relative to said valve seat, the valve 

100 seating surface thereof being adapted to seat against 
said valve seat at a predetermined distance radially 
outward of said guide bore, said stem including a 
reduced diameter stem portion next adjacent to said 
valve seating surface of said head whereby to define 

1 05 with said guide bore an annulus chamber in fluid 
communication with said other end of said passage 
means; a push type solenoid means operatively 
supported in said housing means, said solenoid 
means including an armature means operatively 

110 associated with said valve; a first spring means 
operatively associated with said armature means to 
normally bias it into operative engagement with said 
valve; a second spring means, of a force greater than 
said first spring means, operatively associated with 

115 said valve to normally bias said valve seating surface 
of said head thereof out of seating engagement with 
said valve seat; and a fuel passage means connect- 
able at one end to a source of fuel at a suitable supply 
pressure and at its other end being in operative flow 

1 20 communication with said supply/spill chamber. 

2. An electromagnetic unitfuei injector according 
to claim 1 , in which the spring chamber means is a 
pressure-equalizing/spring chamber means; the 
effective area of said valve head subject to the 

125 pressure of fuel in said annulus chamber is a 
predetermined amount g reater than the effective 
area of said stem subject to the pressure of fuel in said 
annulus chamber; and the push type solenoid means 
is a push type, f lowthrough, solenoid means. 

130 3. An electromagnetic unit fuel injector according 



to claim 2, in which said valve stem is in flow 
communication with said pressure equalizing/spring 
chamber means, and said second spring means is 
loosely positioned in said pressure-equalizing/spring 
5 chamber means. 

4. An electromagnetic unitfue! injector substan- 
tially as hereinbefore particularly described and as 
shown in Figures 1 to 4 of the accompanying 
drawings. 

10 5. An electro magnetic unit fuel injector substan- 
tially as hereinbefore particularly described and as 
shown in Figures 1 to 4, as modified by Figure 5, of the 
accompanying drawings. 
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